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FOREWORD 


Thti  study  was  curled  out  in  the  Radiobioiogy  Division  under  task  No.  776708 
and  partially  under  subtask  5710-RMD  SOM,  DASA  (STUD).  The  work  was  per¬ 
formed  between  February  and  May  "**s.  The  statistical  data  were  analysed  by  tbs 
Biometrics  Division.  The  paper  was  submitted  for  publication  on  20  February  1069 
to  fulfill  the  research  requirement  of  phase  II  of  the  Residency  in  Aerospace  Medicine. 

The  assistance  of  Horace  E.  Hamilton  in  preparing  the  report  is  gratefully 
acknowledged. 

The  animals  involved  in  this  study  were  maintained  in  accordance  with  the  “Guide 
for  Laboratory  Animat  Facilities  and  Care"  as  published  by  the  National  Academy 
of  Sciences-National  Research  Council. 


This  report  has  been  reviewed  and  is  approved. 
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ABSTRACT 


Om  phase  of  tho  March  for  radioprotective  agent*  la  tho  study  of  tha  physiologic 
and  pharmacologic  mechanisms  responsible  for  toxic  and  protective  offset*.  In  this 
study,  tho  drug  I-(  l-decylamtnolsthanethtoeulfuric  acid  (WB-1607)  was  injected, 
according  to  different  dong*  schedules,  into  control  and  Irradiated  Afooooa  mulatto 
monkeyi .  Changes  In  hemograms  and  blood  chemistrUs  war*  measured,  and  clinical 
observation*  ware  recorded.  The  response  in  control  animals  appeared  to  be  that 
to  a  temporary  chemical  challenge  with  prompt  recovery  within  on*  week.  In  the 
irradiated  animals,  tha  response  corresponded  to  a  subacute  radiation  syndrom*.  In 
this  experiment,  WB-1607  felled  to  mobilise  physiologic  mechanisms  for  protection 
again  radiation  Injury.  Further  investigation  of  this  drug  as  a  radioprotectant 
should  consider  a  different  approach  in  method  of  administration. 


PHARMACODYNAMICS  OF  A  RADIOPROTECTIVE  DRUG: 
2m  DKYUHIIH))CTHAHETHH)SUIRIR!C  ACID 


I.  INTRODUCTION  have  not  been  so  encouraging.  Toxicity  atudies 

in  rhesus  monkeys  have  been  few  (2).  The 
The  increasing  use  of  atomic  energy  with  potential  use  of  this  dn<£  ?•  a  radioprotective 

its  potential  hazard  of  exposure  of  man  to  high  agent  requires  prior  consideration  of  its  phar- 

dosages  of  ionizing  radiation  has  generated  the  macodynamics.  In  the  present  study  an  at- 

search  for  chemical  preparations  possessing  tempt  was  made  to  evaluate  the  physiologic 

protective  characteristics  against  radiation  in-  effects  of  WR-1607  in  primates,  in  conjunction 

jury.  Testing  the  ability  of  such  chemical  with  a  recent  investigation  of  the  radioprotec- 

agents  to  reduce  lethality  in  irradiated  experi-  tive  effectiveness  of  the  compound  (S).  The 

mental  animals  is  one  phase  of  the  endeavor  parameters  selected  for  evaluation  were: 

to  obtain  practical  methods  for  modification  of  (1)  clinical  picture.  (2)  hemograms,  and  (3) 

radiation  injury.  Another  phase  of  the  acien-  blood  chemistries, 

tific  effort  is  the  study  of  physiologic  and 

pharmacologic  mechanisms  responsible  for  the  H.  MATERIALS  AND  METHODS 

toxic  and  protective  effects  of  the  radiopro¬ 
tective  agents.  Adult  Macaco,  mulatto,  ranging  in  weight 

from  6.6  to  9  lb.,  were  used  l»:  this  Investiga- 
The  compound  2-(I-decylamino)ethanethio-  tion;  all  but  2  were  males.  The  primates  were 

sulfuric  acid  (WR-1607),  developed  by  the  screened  for  evidence  of  existing  disease  and 

Walter  Reed  Army  Institute  of  Research,  has  acclimatized  for  2  weeks.  They  were  caged 

been  tested  in  mice  with  promising  results —  individually  in  air-conditioned  quartan  and 

60%  to  90%  protection  in  doses  of  6  mg./  maintained  as  described  by  Young  et  al.  (4). 

kg.  (1).  Results  in  initial  studies  with  dogs  The  28  primates  were  randomly  distributed 


TABLE  I 


Experimental  groups 


Group 

Number  of 
animsli 

Drug  dosage 

(mg. /kg.) 

Pre-Irradiation 
interval  (hr.)* 

Radiation 

dose 

4 

10 

1 

Sham 

4 

20 

1 

Sham 

B, 

6 

1 

10 

1 

860  R 

B, 

6 

10 

S 

860  R 

c, 

6 

20 

1 

860  R 

C. 

6 

20 

s 

860  R 

*T<m  IftUrvtl  drug  *dnalol*trfttkon  tnd  IrrmdUtLon  period. 


l 


Into  six  groups  as  presented  in  table  I.  In 
addition,  each  irradiated  group  included  1  ra¬ 
diation  control  (Irradiated  but  not  administered 
drug)  to  confirm  lethality  of  the  radiation  doBe. 
No  clinical,  chemical,  or  hematologic  studies 
were  performed  on  the  radiation  controls. 

The  compound  WR-1607,  obtained  from  the 
Walter  Reed  Army  Institute  of  Research,  was 
dissolved  in  warm  Carbowax  just  before  injec¬ 
tion.  The  concentrations  were  adjusted  so  that 
each  animal  received  approximately  8  ml.  of 
solution.  The  dissolved  drug  was  administered 
intraperitoneally  by  use  of  standard  procedures. 

Whole-body  irradiations  were  performed 
with  a  Maxitron-800  machine  at  a  dose  rate  of 
18  ±  2  R/min.,  for  a  total  dose  of  860  R. 

Hematologic  data  were  obtained  by  the 
methodclogies  described  by  Wintrobe  (6). 

The  clinical  evaluation  presented  in  this 
paper  is  limited  to  body  weights  and  rectal 
temperatures  (tables  II  and  III) ;  a  more  ex¬ 
tensive  clinical  evaluation  of  the  compound 
WR-1607  in  Macaca  mulatto  is  available  (8). 


Data  on  the  following  14  variables  were  col¬ 
lected  pretreatment  and  on  days  1,  3,  and  7 
postinjection: 

Leukocytes 

Hematocrit 

Platelet* 

Lymphocytes 

Neutrophils 

SGOT 

SGPT 

Alkaline  phosphatase 
Bilirubin  (direct) 

Bilirubin  (total) 

Total  protein 
Albumin 
Sodium 
Potassium 

For  each  variable  the  mean  values  for  each 
time  and  for  each  group  are  shown  in  tables  IV 
through  XVI. 

One-way  analyses  of  variance  were  comput¬ 
ed  from  the  baseline  data  for  each  variable  in 
order  to  check  for  differences  between  the 
groups  before  treatment.  Since  the  animals 


TABLE  II 

Mean  weight  (%)  by  days  postinjection  for  irradiated  and 
sham-irradiated  primates 


Group 

t 

Basalina 

(lb-) 

Weight  as  percent  ot  baseline 

Day  S’ 

Day  7 

Day  17 

! 

Do y  21  ! 

Day  24  ! 

Day  28  ! 

Day  30 

mm 

98t 

91 

96 

93 

93 

96 

92 

91 

93 

A, 

99 

88 

89 

94 

93 

89 

86 

86 

88 

B, 

H 

100 

101 

96 

93 

81 

82 

83 

82 

77 

B, 

101 

97 

101 

90 

— 

— 

— 

— 

— 

c, 

6.7 

102 

89 

93 

85 

— 

— 

— 

— 

•- 

c. 

6.9 

97 

101 

94 

99  i 

100 

80 

88 

89 

87 

In  group  Bj.  aunrlvol  ratio  «t  day  t  w «o  4/1;  at  day  7,  i/5;  nt  dor  *1.  1/4:  and  ot  dor  10.  1/4. 

In  group  Bp  survival  ratio  ai  day  17  woo  0/1. 

In  group  C,.  aunrivol  ratio  ot  dor  11  w  0/1. 

Io  group  Cr  aunrlrol  ratio  ot  dor  7  wna  8/4;  ot  dor  10.  t/4;  at  dor*  14,  17,  oad  11,  1/4;  ond  ot  do?  80.  1/8. 

•Dora  ofUr  drug  administration. 

tPoroont  =  group  mono  tradgfct/mooo  bonolino  modght. 


TABLE  III 


Mean  rectal,  temperature  (in  degree »  Farenkeit)  of  irradiated  and 
ekam-irradiated  primatee 


Group 

Baitllna 

Day  8* 

Day  7 

Day  10 

Day  14 

Day  17 

Day  21 

Day  24 

Day  28 

Day  80 

A, 

102.9 

101.6 

102.0 

102.1 

102.8 

102.2 

08.8 

100.6 

102.6 

Aa 

102.6 

101.fi 

103.8 

102.2 

102.2 

102.8 

89.3 

101.6 

101.6 

B, 

102.4 

102.6 

102.2 

1025 

101.4 

102.8 

104.4 

101.0 

101.2 

B, 

102.6 

108, 1 

101.8 

102.6 

08.1 

■ 

— 

— 

— 

c> 

103.0 

102.3 

102.3 

102.1 

■ 

— 

— 

— 

c, 

102.5 

102  7 

102.7 

102.0 

101.B 

100.0 

101.4 

102.2 

108.2 

See  tmbW  II  for  «u  nival  data 
•£>*/•  after  dm*  adralMatratloo. 


TABLE  IV 

Change  in  leukocytes  with  WR-1607  and 
radiation 


Group 

Baseline 

Day  1* 

Day  8 

Day  7 

A> 

7,800 

17,500 

10,800 

Aa 

8,200 

11,600 

12,600 

11,900 

B,  ! 

8,700 

10,800 

1,700 

600| 

1 

10,900 

11,900 

c, 

8,600 

.1,800 

800 

C, 

8,100 

16,700 

•Tim#  po#tlnj#ction. 
tSurvlval  ratio  4  '5. 
(Survival  ratio  1/6. 


TABLE  V 

Change  in  hematocrit  with  WR-1607  and 
radiation 


Group 

1 - 

Baseline 

Day  1* 

Day  8 

Day  7 

A, 

42 

44 

88 

36 

Aa 

40 

40 

84 

88 

B, 

40 

87 

35 

set 

B, 

42 

89 

37 

36 

c, 

42 

45 

37 

set 

C, 

43 

44 

40| 

401 

•Tim#  po#Uni#etioD. 
^Survival  ratio  4/6. 
|8urvf  t*1  ratio  S/6. 


TABLE  VI 

Change  in  platelets  with  WR-1607 
and  radiation 


Group 

Baseline 

Day  1* 

Day  8 

Day  7 

380,000 

871,000 

128,000 

484,000 

Aa 

401,000 

427,000 

91,000 

890,000 

453,000 

269,000 

201,000 

88,000t 

B, 

346,000 

186,000 

68,000 

c, 

860,000 

77,000 

24,0007 

c, 

124,000 

V 

100,000t 

48,000* 

•Tim#  poaUnjactlon. 
(Survival  ratio  4/6. 
(Survival  ratio  6/6. 


TABLE  VII 

Change  in  lymphocytes  (%)  with  WR-1607 
and  radiation 


Group 

Day  1* 

Day  3 

Day  7 

^■1 

76 

19 

63 

A, 

66 

11 

46 

B, 

78 

10 

07 

B, 

71 

10 

0 

C, 

65 

j 

Ot 

L, 

69 

■■ 

ot 

•Tim#  poatiaiaoUoo. 
(Survival  ratio  4/1. 
(Survival  ratio  6/6. 


wsrt  randomly  assigned  to  the  treatment 
groups,  no  differences  would  be  expected  be¬ 
tween  the  group  means.  As  indicated  in 
table  XVII,  only  the  leukocyte  data  gave  a 
statistically  significant  (P  <  .05)  difference 
between  group  means.  It  seems  reasonable  to 
assume  that  this  difference  was  due  to  random 
variation  only  and  did  not  reflect  any  bias  in 
the  way  in  which  the  animals  were  handled. 

An  analysis  of  variance  of  repeated  meas¬ 
urements  was  computed  for  the  postinjection 


data  for  each  pair  of  groups  (At  and  A»;  Bt 
and  Bt;  Ct  and  C,).  This  provided  a  test 
(G  x  T)  of  whether  the  response  curves  for 
the  two  groups  in  each  pair  were  the  same. 
It  also  provided  tests  of  whether  the  group 
means  (averaged  over  time)  were  the  same, 
and  whether  the  means  (averaged  over  groups) 
for  the  three  postinjection  times  (1,  S,  and 
7  days)  were  the  same.  These  latter  tests 
are  generally  meaningful  only  if  the  G  x  T  test 
is  not  significant  (P  >  .05).  The  probability 
levels  for  these  testa  are  given  in  table  XVII. 


TABl,E  VIII 

Change  tn  neutrophil *  (%)  with  WR-1607 
and  radiation 


Group 

Baaallna 

Day  1* 

Day  8 

Day  7 

^1 

ss 

81 

86 

36 

A, 

at 

89 

48 

60 

B, 

*6 

90 

88 

»t 

B. 

» 

89 

67 

0 

c, 

34 

96 

17 

Of 

C, 

SO 

96 

S8t 

ot 

pmmtlmjovttom. 
tturvivm)  rmtio  4/1. 
fSmrrtvml  rmtio  I/I. 


TABLE  IX 

Change  in  SGOT  with  WR-1607 
and  radiation 


Group 

Baaallna 

Day  1* 

Day  8 

Day  7 

A| 

38 

110 

43 

68 

** 

83 

118 

89 

43 

B, 

87 

86 

44 

80t 

B, 

89 

96 

42 

87 

c» 

SB 

112 

48 

88t 

c. 

40 

98 

84t 

Ml 

TABLE  X 

Change  in  SGPT  with  WR-1607 
and  radiation 


Group 

Baaalina 

Day  1* 

Day  3 

Day  7 

84 

66 

84 

80 

** 

81 

66 

82 

19 

1 

86 

40 

29 

24t 

B, 

34 

48 

S3 

34 

c, 

■OH 

62 

81 

22t 

c, 

42 

26t 

191 

•Tlnr.#  postinjwetion. 
♦Survival  rmtio  4/1. 
ISurtiv*]  rmtio  I/I. 


TABLE  XI 

Change  in  alkaline  phosphataee  with  WR-1607 
and  radiation 


Group 

Baaalina 

Day  1* 

Day  8 

Day  7 

*1 

13.0 

12.3 

9.4 

10.6 

A| 

10.6 

8.8 

8.6 

9.3 

B, 

18.4 

10.3 

8.1 

8,9t 

B, 

10.6 

9.2 

i2.e 

7.6 

c, 

13.1 

17.0 

7.7 

8.3t 

C| 

12.1 

13.0 

7.0t 

6.81 

*Hm  poatinjmeoofi 
f&vn'tvtJ  rmtio  4/1- 
ISmrrlvmi  rmu©  I/I. 


•Time  postinj action. 
tSurvIvml  rmtio  4/1* 
tfiurvivmi  rmtio  f/l . 


IIL  RESULTS 


A  combined  analysis  was  done  on  the  data 
of  groups  Bi,  Ba,  Ci,  and  C|.  This  analysis 
provided  tests  for  the  following:  10-mg.  dosage 
as  compared  to  20-mg. ;  1-hour  preirradiation 
interval  versus  8-hour  interval ;  1-day  versus 
8-day  versus  7-day  postinjection  measure¬ 
ments:  and  interactions  among  these  variables. 
The  tests  which  were  significant  (P  <  .06)  are 
indicated  in  table  XVIII.  The  standard  devia¬ 
tions  for  comparing  means  within  and  between 
treatment  groups  for  each  variable  are  given 
in  table  XIX.  Each  variable  is  discussed 
separately  below. 


TABLE  XII 

Change  in  bilirubin  (direct 'total)  with 
WR-1607  and  radiation 


Group 

Baseline 

Day  1* 

Day  3 

Day  7 

^1 

0.10/0.13 

0.18/0.30 

0.20/0.40 

0.16/0.38 

Al 

0.10/0.1S 

0.10/0.16 

0.18/0.52 

0.26/0.40 

B, 

0  12/0.16 

0  16/030 

0  18/0.20 

0.13/0.33+ 

®j 

0.14/0.20 

0.14/0.28 

0.16/0.24 

0.12/0.22 

c, 

0.12/0.16 

0.\0/0.18 

0.10/0.20 

o.is/o.aot 

c, 

0.12'0.14 

0.10/"” 

0  10/0.38+ 

0.20/0.30t 

•Time  pcatinmtlon 
tfiurvlval  ratio  4/S 
iSurvWtl  r«Uo  l/t. 


TABLE  XIII 

Change  in  total  protein  ufith  WR-1607 
and  radiation 


Group 

Baseline 

Day  1* 

Day  8 

Day  7 

A1 

— 

7.6 

68 

7.0 

A, 

WM 

7.1 

41 

7.0 

B. 

6.9 

mm 

e.e 

6.6+ 

B. 

7.1 

S.6 

7.1 

c, 

6.9 

6.5 

7.1+ 

C8 

6.8 

7.0+ 

7.2+ 

*Ita«  poatinjaetioa. 
tSunrind  ratio  4/i. 

^Survival  ratio  I/|. 


Hemogram 

Values  for  leukocytes,  hematocrit,  platelets, 
and  relative  lymphocytes  and  neutrophils  are 
presented  in  tables  IV  through  VIII.  The 
values  are  the  means  for  the  survivers  at  the 
time  of  testing. 

Leukocytes  showed  an  initial  increase  in  all 
animals.  The  initial  leukocytosis  was  more 


TABLE  XIV 

Change  in  albumin  with  WR-1607 
and  radiation 


Group 

Baseline 

Day  1* 

Day  3 

Day  7 

A1 

4.0 

4.0 

3.3 

8.8 

At 

4.0 

3.8 

3.3 

8.4 

B, 

4.0 

3.6 

3.5 

8.8+ 

Bj 

4.0 

3.6 

8.3 

3.6 

c, 

4.1 

4.2 

8.6 

8.7+ 

c, 

4.1 

43 

S.Bt 

3.6+ 

•Ttma  poatifijaetion. 
T9urvlv*]  ratio  4/1. 
jSunrhrai  ratio  1/4. 


TABLE  XV 

Change  in  eodium  ivith  WR-1607 
and  radiation 


Baseline 

Day  1* 

Day  3 

Day  7 

AJ 

164 

168 

166 

166 

A, 

168 

160 

160 

164 

B, 

149 

161 

152 

146+ 

B. 

147 

162 

153 

146 

c, 

168 

154 

149 

149+ 

C, 

169 

149 

166+ 

144+ 

•Tima  poatiojaction. 
tSarvWaJ  ratio  4/4. 
SHurvival  ratio  1/1. 
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significant  for  the  drug-control  groups.  By  the 
3d  day  posttreatment  the  drug-control  group 
was  returning  to  the  baseline  while  the  irradiat¬ 
ed  animals  were  developing  severe  leukopenia 
as  in  untreated,  irradiated  monkeys. 


TABLE  XVI 

Change  in  potassium  uritk  WR-1607 
and  radiation 


Group 

Baaeltne 

Day  1* 

Day  8 

Day  7 

4.8 

4.2 

4.S 

4.8 

48 

4.1 

4.7 

4.6 

®i 

8.2 

4.2 

4.6 

4.2t 

B, 

6.0 

4.2 

4.K 

4.6 

G, 

4.6 

4.4 

4.6 

4.8f 

C» 

6.4 

8  A 

i 

6  it 

6.U 

*Tlm« 

tSurrivmJ  ratio  4/1. 
{Survival  ratio  1/1. 


A  significant  decrease  in  hematocrit  can  be 
seen  from  day  1  to  dav*  3  and'  7.  Some  dif¬ 
ferences  appeared  in  the  response  between 
groups  Ci  and  Ca,  and  the  B  groups  responded 
differently  from  the  C  groups. 

Platelets  exhibited  a  decrease  by  day  1  in 
the  B  and  C  groups,  and  by  day  3  in  the  A 
groups.  The  combined  analysis  of  *he  B  and 
C  groups  shows  that  the  decrear  developed 
more  quickly  in  the  C  groups  than  in  the  B 
groups.  By  the  7th  day  the  drug-control 
groups  had  returned  to  the  baseline  while  the 
irradiated  groups  continued  into  severe  throm¬ 
bocytopenia. 

Lymphocyte  percentages  dropped  in  all 
groups  in  the  first  24  hours ;  those  of  groups  A 
and  B  then  recovered,  but  those  of  the  heavily 
treated  group  C  decreased  to  levels  too  low  to 
count.  The  drug-control  group  recovered  by 
the  7th  day  while  the  lightly  treated  group  B 
continued  into  severe  lymphopenia. 


TABLE  XVII 

Probability  levels  in  the  analyses  of  variance 


Variable 


Baseline 


A,  vi.  A. 


GxT 


B,  v>.  B, 


GxT 


Ci  v».  C, 


GxT 

NS 
<  .06 
NS 
NS 
NS 
NS 
NS 
NS 

<  .026 
NS 
NS 
NS 
<•1 


Leukocyte 

Hematocrit 

Platelets 

Lymphocytes 

Neutrophils 

SGOT 

SGPT 

Alkaline  phosphatase 
Bilirubin  {direct) 
Bilirubin  (total) 

Total  protein 
Albumin 
Sodium 
Fotaraium 


<•06 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 


<•01 

<1 

NS 

<1 

<x 

NS 

NS 

NS 

NS 

NS 

NS 

NS 


<  .001 
<  .001 
<  .001 
<•001 
<  .001 
<•001 
<  .001 
NS 
NS 
NS 

<  .001 
<  .001 

<  .026  '  <  .026 

vte  \  nn« 


NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

<.06 

NS 

<1 

NS 


NS 
NS 
<  .026 
NS 
NS 
NS 
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Neutrophils  increased  in  all  groups  within 
the  1st  day.  By  the  8d  day,  those  of  group  C 
had  dropped  to  extremely  low  levels.  Group  B 
neutrophils  returned  to  baseline  levels  by  the 
7th  dr  y,  and  those  of  group  A  approached  the 
baseline  level. 

Manifestations  in  the  hemograms  of  the 
irradiated -and-treated  animals  were  compara¬ 
ble  to  the  results  from  irradiation  alone  (6) . 

Blood  chemistries 

An  immediate  increase  in  SGOT  and  SGPT 
occurred  in  all  groups,  followed  by  a  significant 
return  to  baseline  by  the  3d  day  posttreatment 
and  postirradiation  (tables  IX  and  X).  One 
exception  appeared  on  day  7  when  the  level 
of  SGPT  for  C  groups  fell  significantly  below 
baseline  levels. 


TABLE  XVIII 

Significant  sources  of  variation  from  analyses 
of  B  and  C  groups  combined 


Variable* 

Sign  it  leant  eourcet  of  variation 

Leukocyte* 

T 

Hematocrit 

A,  T,  A  a  B  x  T 

Platelet* 

A  AxB.T,  AxT 

Lymphocytee 

A,  T,  A  x  T 

Neutrophil* 

T 

i 

SGOT 

T 

SGPT 

T 

Alkaline  phosphatase 

T,  A  x  T,  B  x  T 

Bi’ irubin  (direct) 

AxT 

Bilirubin  (total) 

— 

Total  protein 

B,  T 

Albumin 

A,  T 

Sodium 

T 

Potassium 

— 

T  =  Tim*  maaru 
A  =  Ten  n.  10  nug.  drug. 

B  =  One  hr.  ve.  I  hr.  DreirodiAtion. 


The  alkaline  phosphatase  values  showed  no 
significant  variations  through  the  7-day  period 
for  the  A  groups,  but  the  levels  were  signifi¬ 
cantly  below  baseline  at  days  8  and  7  for  the 
C  groups,  and  at  day  7  for  the  B  group 
(table  XI). 

The  total  bilirubin  showed  an  increase  in  all 
groups  lasting  through  the  7-day  period  while 
the  direct  portion  showed  a  lasting  rise  in  only 
the  treated,  nonirradiated  group  (table  XII); 
however,  xhe  evidence  for  any  real  change  in 
either  direct  bilirubin  or  total  bilirubin  was 
very  weak.  Rough  nonparametric  evaluations 
showed  no  significant  effects. 

There  appeared  to  be  little  consistency  in 
the  total  protein  response  between  the  groups ; 
thus  it  is  difficult  to  find  an  interpretable  pat¬ 
tern.  An  initial  decrease  was  seen  in  albumin 


TABLE  XIX 

S.D.  of  means*  within  and  between  treatment 
groups  for  each  variable 


Variable* 

Within 

Between 

Leukocyte* 

8,460 

8,540 

Hematocrit 

1.92 

8.04 

Plateleta 

87,400 

101.800 

Lymphocytes 

10.9 

10.9 

Neutrophils 

19.0 

19.0 

SGOT 

21.9 

22.4 

SGPT 

11.7 

16.7 

Alkaline  phosphatase 

2.26 

2.61 

Bilirubin  (direct) 

.0897 

.1093 

Bilirubin  (total) 

.806 

386 

Protein 

.868 

375 

Albumin 

.241 

318 

Sodium 

8.33 

8.68 

Potassium 

.678 

.822 

•fl  t  of  the  dlffwnrocw  between  two  dmu  =  8.0. .  I  —  -f  — , 

N1  «*.  *». 

wb«n  N,  And  N,  at*  the  number  of  ofcaarotton*  la  «aeh  ata. 
Comparison*  within  a  group  should  be  made  onfcr  where  N(  =  Hr 
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levels  for  the  B  groups,  and  an  Initial  increase 
in  albumin  for  the  C  groups,  followed  by  a 
general  decrease  for  all  groups  by  day  S. 
The  day-7  levels  for  all  groups  were  lower  than 
the  corresponding  baseline  values  but,  for  all 
groups  other  than  Bi  and  Cj,  were  higher  than 
the  corresponding  day-S  values. 

A  general  decrease  in  sodium  levels  and  a 
corresponding  increase  in  potassium  levels  oc¬ 
curred  from  day  1  to  day  7  for  all  groups. 
Though  some  of  the  tests  were  significant,  the 
reasons  for  the  significance  are  not  clear. 

Clinical  parameters 

Weight  remained  essentially  the  same  in  the 
lightly  treated  drug-control  group  (A,)  The 
heavily  treated  control  group  (A,)  had  a  slight 
but  significant  weight  loss  in  the  SO-day  period 
studied.  Animals  in  irradiated,  treated  groups 
(B  and  C)  experienced  significant  weight  losses 
prior  to  their  deaths  (table  II).  The  tempera¬ 
tures  were  quite  variable  within  the  groups, 
and  no  significant  inference  may  be  obtained 
(table  ni). 


IV.  DISCUSSION 

The  hematologic  response  of  the  drug-con¬ 
trol  group  appears  to  be  that  of  the  ordinary 
brief  reaction  to  a  drug  challenge  with  most 
parameters  returning  to  the  baseline  values  by 
the  end  of  the  7-day  period  investigated.  The 


treated,  irradiated  animals  responded  imme¬ 
diately  to  the  challenge  with  a  somewhat 
similar  reaction,  then  gradually  reacted  in  the 
typical  manner  of  animals  sustaining  radiation 
injury.  The  eventual  lack  of  survivors  among 
the  protected  animals  confirmed  the  absence  of 
mobilization  of  physiologic  mechanisms  for  de¬ 
fense  against  the  radiation  insult  (3). 

The  blood  chemistry  response  in  both  drug 
controls  and  treated,  irradiated  animals  was 
similar,  with  the  exception  of  the  direct  portion 
of  the  bilirubin  which  increased  more  lastingly 
in  the  drug  controls.  Elucidation  of  the  rea¬ 
sons  for  this  difference  requires  further  in¬ 
vestigation.  This  finding  agrees  with  previous 
studies  (2)  which  found  degenerative  changes 
in  liver  and  kidneys  of  primates  dying  of  toxic 
effects  of  WR-1607. 

Of  the  clinical  parameters,  the  change  in 
weight  appeared  to  be  the  only  contributory 
factor,  conforming  to  the  general  response  to 
a  chemical  challenge  and  typical  subacute 
radiation  Byndrome. 

One  may  conclude  that  WR-1607,  as  utilized 
in  this  experiment,  failed  to  effectively  mobilize 
physiologic  mechanisms  for  protection  against 
the  radiation  injury.  All  treated,  irradiated 
animals  responded  in  the  typical  manner  to  the 
ionizing  radiation  as  determined  by  the  param¬ 
eters  evaluated.  Further  investigation  of  this 
drug  as  a  potential  radioprotective  agent  must 
consider  a  different  approach  to  its  administra¬ 
tion. 


REFERENCES 


1.  Loiieaux,  P.  S.  Walter  Reed  Army  Institute  of 

Research,  Washington,  D.  C.  Personal  com¬ 
munication,  1938. 

2.  Woodard  Research  Ccrp,  Subacute  toxicity  of 

potential  antiradiation  agent  (WR-1607).  Wal¬ 
ter  Reed  Army  Institute  of  Research,  Wash¬ 
ington,  D.  C.,  1964. 

8.  Pauli,  R.  M.,  and  G.  S.  Melville,  Jr.  Radioprotec¬ 
tion  with  2-(l-decylamino)ethanethiosulfuric 
acid  in  the  rhesus  monkey.  SAM-TR- 68-110, 
Sept.  1968. 


4.  Young,  R.  J.,  et  si.  Care  and  msnagenent  of  a 
Macaco  mulatto  monkey  colony.  Li,b.  Antm. 
Care  7(2):67-82  (1967). 

6.  Wintrobe,  M.  M.  Clinical  hematology,  4th  ed. 
Philadelphia:  Lea  and  Febtger,  1968. 

6.  Melville,  G.  S„  Jr.,  et  al.  Chemical  protection  in 
irradiated  monkeys.  Proc.  Int.  Symp.  on  Bona 
Marrow  Therapy  and  Chemical  Protection  in 
Irradiated  Animals,  1962. 


8 


Unclassified 


_ Security  Classification 


DOCUMENT  CONTROL  DATA  -  R  L  D 

. .  U  tl*  c  I k>  ‘  Ic  ,on  °f  title,  body  of  ebattmeimnd  indexing  annotation  muat  he  mn  ferret  when  the  overall  report  la  clmaalttedi 

i.  originating  activity  (Corporate  authors  .  *  I  T  11  ~  "  ■  « 

TTCATr  Cl  l  r  a  outnor)  2A.REF-OIIT  ICCUSITY  CL»IIIFIC»TIOH 

UbAir  bchool  of  Aerospace  Medicine  Unclassified 

Aerospace  Medical  Division  (AFSC)  hr^u» - — - - 

Brooks  A ir  Force  Base,  Texas 


PHARMACODYNAMICS  OF  A  RADIOPROTECTIVE  DRUG: 
2-(  1  -DECYLAMINO)ETHANETHI OSULFURIC  ACID 


*•  DESCRIPTIVE  NOTES  (Type  of  report  and  indue ive  datee) 

Final  report  February  -  May  1968 


5  auThoriSi  ff/rit  n«ms,  middle  initial ,  laet  name) 

Jose  A  .  Martinez-O'Ferrall,  Major,  USAF,  MC 
George  S.  Melville,  Jr.,  Lt.  Colonel,  USAF 


6  REPOR T  O  A  TE 

June  1969 


•  a.  CONTRACT  OR  GRANT  NO. 


7a.  TOTAL  NO  O  F  PAGES  1 7b.  NO.  OP  REFS 


9a.  ORIGINATOR’S  REPORT  NUMBER'S) 


b.  PROJEC  T  NO. 


SAM  -TR-69-31 


Task  No.  775703 


9b.  OTHER  REPORT  NO(S)  (Any  other  number*  that  may  be  aeaipned 
thie  report) 


10  DISTRIBUTION  STATEMENT 


This  document  has  been  approved  for  public  release  and  sale;  its  distribution  is 
unlimited . 


13.  ^ISTRAC  T 

M 

^One  phase  of  the  search  for  radioprotective  agents  is  the  study  of  the 
physiologic  and  pharmacologic  mechanisms  responsible  for  toxic  and  protective 
effects.  In  this  study,  the  drug  2 -( 1  -decylamino)ethanethiosulfuric  acid  (WR-1607) 
was  injected,  according  to  different  dosage  schedules,  into  control  and  irradiated 
Macaca  mulatta  monkeys.  Changes  in  hemograms  and  blood  chemistries  were 
measured,  and  clinical  observations  were  recorded.  The  response  in  control 
animals  appeared  to  be  that  to  a  temporary  chemical  challenge  with  prompt 
recovery  within  one  week.  In  the  irradiated  animals,  the  response  corresponded 
to  a  subacute  radiation  syndrome.  In  this  experiment,  WR-1607  failed  to  mobilize 
physiologic  mechanisms  for  protection  against  radiation  injury.  Further 
investigation  of  this  drug  as  a  radioprotectant  should  consider  a  different 
approach  in  method  of  administration.  1  .  — - 
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